The present study aimed to investigate the mechanism by which Aurora kinase A (AURKA) promotes cell migration and invasion in head and neck squamous cell carcinoma (HNSCC). Transwell assays were performed to investigate the cell migration and invasion abilities of AURKA, whilst western blotting was used to analyze the protein expression in FaDu and Hep2 cells, each treated with pharmacological inhibitors. Following the inhibition of AURKA, Akt and focal adhesion kinase (FAK), the migration and invasion of the FaDu and Hep2 cells decreased. The expression of phosphorylated (p)-AURKA and p-FAK (Y397) was observed to decrease following FaDu and Hep2 cell treatment with VX-680, a small molecular inhibitor of AURKA. The expression of p-Akt and p-FAK (Y397) ceased following treatment with the Akt inhibitor triciribine. The expression of p-FAK (Y397) decreased, however, p-Akt expression did not change following treatment with the FAK inhibitor TAE226. In conclusion, AURKA activates FAK through the AURKA/Akt/FAK signaling pathway, promoting the migration and invasion of HNSCC cells, which may subsequently provide a novel approach for the treatment of HNSCC.
Introduction
Head and neck squamous cell carcinoma (HNSCC) is one of the most prevalent types of human cancer, with ~500,000 novel cases being diagnosed worldwide every year (1) . HNSCC is the sixth leading cause of cancer-associated mortality (2) . Although the molecular pathogenesis of HNSCC is not yet fully understood, it has been reported that aberrant cell division is one of the main mechanisms of carcinogenesis (3) . Undergoing chromosome condensation, nuclear envelope breakdown, separation, bipolar-spindle assemblage, chromosome segregation and cytokinesis, the cells separate and replicated genetic material is split into two daughter cells (3) . A complex regulatory network of kinase and phosphatase regulate this process aiding the accuracy of cell division.
There are three homologues of Aurora kinase (A, B and C) (4) . Aurora kinase A (AURKA) has been implicated in numerous types of cancer, including colonic, breast, liver, gastric, uterine, ovarian, non-small cell lung, pancreatic and esophageal cancer (5) (6) (7) (8) (9) (10) . Furthermore, a correlation has been observed between the overexpression of AURKA mRNA and tumor progression and shortened survival in patients with HNSCC (11) . Despite AURKA mRNA and protein being frequently overexpressed in various types of cancer, they are not always correlated with the gene amplification (12) . The overexpression of AURKA has also been reported in gastric (13) , breast (14) and ovarian (15) cancer. Therefore, besides gene amplification, other mechanisms, including transcriptional activation (16) , suppression of protein degradation (17) and activation of certain signaling pathways (18) , may also serve essential roles.
Focal adhesion kinase (FAK), a non-receptor tyrosine kinase, is a key regulator of cell proliferation, migration and invasion, and is involved in the development and progression of cancer. It has previously been established that FAK serves a vital role in the mediation of signal transduction pathways, involved in cell attachment, migration, invasion, proliferation and survival, which are crucial for cancer development and metastasis (19, 20) . Numerous studies have described increased expression of FAK protein in a variety of human cancers, including sarcomas, astrocytomas, and carcinomas of the breast, colon, thyroid, prostate, oral cavity, liver, stomach and ovary (20) . Furthermore, Canel et al (21) demonstrated that FAK expression may be employed as an effective index for cervical lymph node metastases in patients with laryngeal squamous cell carcinoma. Additionally, Akt may be activated as result of AURKA overexpression. It has been demonstrated that an AURKA inhibitor may overcome AURKA-induced chemoresistance in various types of cancer (22) .
The present study aimed to validate the hypothesis that AURKA activates FAK through the AURKA/Akt/FAK signaling pathway, and subsequently promotes the cell migration and invasion of HNSCC cells. The current study may provide a basis for the future development of inhibitors of the AURAK/Akt/FAK signaling pathway, with the aim to alleviate and eventually treat HNSCCs.
Materials and methods
Cell lines and cell culture. Human HNSCC cell lines (FaDu and Hep2) were obtained from the Cell Bank of the Chinese Academy of Sciences (Shanghai, China). The cells were maintained at 37˚C with 5% CO 2 in Dulbecco's modified Eagle's medium (Thermo Fisher Scientific, Inc., Waltham, MA, USA) containing 10% fetal bovine serum (FBS) and 1 µg/ml penicillin/streptomycin. Furthermore, the FaDu and Hep2 cells were treated with 75 nM of the AURKA inhibitor, VX-680 (Selleck Chemicals, Houston, TX, USA), for 24 and 48 h (23), with 100 µM of the FAK inhibitor, TAE226 (Selleck Chemicals), for 12 and 24 h (24), or with 5 µM of the Akt inhibitor, triciribine (Selleck Chemicals), for 6 and 12 h (25), respectively. Subsequent to the treatment of each inhibitor, for the aforementioned specific times, the cells were harvested for the following experiments.
Transwell migration and invasion assay. The cell migration capability was determined using the previously described methods (26) . A total of 600 µl medium containing 20% FBS was added to the lower chamber, whilst a total of 3x10 4 cells in 150 µl serum-free medium were added to the upper chamber. The Transwell chambers (8 µm; 24-well format; Corning Incorporated, Corning, NY, USA) were incubated at 37˚C overnight. The cells were treated with the various inhibitors for the indicated times. Following the scraping of non-migrating cells from the upper surface of the membrane with cotton swabs, crystal violet was used to stain the cells that had migrated to and invaded the bottom chamber. The cells were then counted under a microscope (3 fields at random with x100 magnification; U-ULS100HG; Olympus Optical Co. Ltd., Tokyo, Japan). For the invasion assay, the insert membrane was coated with diluted Matrigel Basement Membrane Matrix (BD Biosciences, Franklin Lakes, NJ), and the assay was conducted in a similar manner to the aforementioned assay.
Western blot analysis. Following the treatment of the cells with the various inhibitors, the cells were then dissolved using Pierce radioimmunoprecipitation assay buffer (Thermo Fisher Scientific, Inc.) containing proteinase inhibitors (2.5 µg/ml leupeptin, 1 µg/ml aprotinin and 1 mM phenylmethanesulfonyl fluoride). Subsequently, the total protein within the lysates was quantified using a protein assay kit obtained from Bio-Rad Laboratories Inc. (Hercules, CA, USA). Furthermore, 50 µg protein was lysed and separated by sodium dodecyl sulfate polyacrylamide gel electrophoresis. The membrane was blotted with antibodies against phosphorylated (p)-AURKA (dilution, 1:3,000; catalog no. 3079P), AURKA (dilution, 1:1,000; catalog no. 3092S), p-Fak (Y397; dilution, 1:1000; catalog no. 3283), p-Fak (Y925; dilution, 1:1,000; catalog no. 3284P), Fak (dilution, 1:1,000; catalog no. 3285P), p-Akt473 (dilution, 1:1,000; catalog no. 9271) and Akt (dilution, 1:1,000; catalog no. 9272), all monoclonal Anti-rabbit IgG antibodies, obtained from Cell Signaling Technology, Inc. (Danvers, MA, USA), and p-Fak (Y861; dilution, 1:1,000; monoclonal, Anti-rabbit IgG; catalog no. ab81293) obtained from Abcam (Cambridge, UK). The antibodies were added for 1 h at room temperature, and were incubated with horseradish peroxidase-conjugated secondary antibody for 1 h. During the procedure, the glyceraldehyde 3-phosphate dehydrogenase level was regarded as the loading control.
Statistical analysis. The data from all experiments were analyzed with GraphPad Prism software (version 6; GraphPad Software, Inc., La Jolla, CA, USA) and shown as the mean±standard deviation. The Student's t-test was performed to assess the difference between the experimental and control groups. Values of P<0.05, indicated by * , were considered to indicate a statistically significant difference and values of P<0.01, indicated by ** , were considered to indicate a highly statistically significant difference.
Results
Migration of FaDu and Hep2 cells decreases following treatment with AURKA, Akt and FAK inhibitors. Transwell migration assays were performed in order to investigate the role of AURKA in the migration of FaDu and Hep2 cells. Initially, when compared with the control, VX-680 decreased the migration of the FaDu cells to 66.6% at 24 h (P<0.01) and to 62.0% at 48 h (P<0.01) (Fig. 1A) . Meanwhile, in the 
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Hep2 cells, VX-680 decreased migration to 57.6% at 24 h (P<0.01) and 66.5% at 48 h (P<0.01) ( Fig. 1B) . Secondly, when compared with the control, TAE226 was observed to decrease the migration of the FaDu cells to 58.3% at 12 h (P<0.01) and to 60.3% at 24 h (P<0.01), respectively ( Fig. 2A) . Regarding the Hep2 cells, TAE226 was observed to decrease migration to 72.0% at 12 h (P<0.01) and to 66.1% at 24 h (P<0.01) (Fig. 2B) . Lastly, triciribine decreased the migration of the FaDu cells to 79.3% at 6 h (P>0.05) and to 75.6% at 12 h (P>0.05; Fig. 3A) , whereas in the Hep2 cells, triciribine decreased the migration to 71.8% at 6 h (P>0.05) and 68.8% at 12 h (P<0.05) (Fig. 3B) .
Capability of FaDu and Hep2 cell invasion is decreased following the treatment with AURKA, Akt and FAK inhibitors.
Transwell invasion assays were performed to investigate the role of AURKA in the invasion of the FaDu and Hep2 cells. As presented in Fig. 4 , VX-680 decreased the invasion of the FaDu cells to 33.3% at 24 h (P<0.01) and to 60.4% at 48 h (P<0.05) (Fig. 4A) , whereas VX-680 was observed to decrease the invasion of the Hep2 cells to 51.2% at 24 h (P<0.05) and to 67.0% at 48 h (P<0.05) (Fig. 4B ). Secondly, TAE226 was observed to decrease the invasion of the FaDu cells to 52.1% at 24 h (P<0.05; Fig. 5A ), whereas in the Hep2 cells, TAE226 decreased invasion to 49.6% at 12 h (P<0.05) and to 58.5% at A B 
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24 h (P<0.05) (Fig. 5B) . Lastly, triciribine decreased the invasion of the FaDu cells to 58.8% at 6 h (P<0.05) and to 86.7% at 12 h (P<0.05) (Fig. 6A) , whilst in the Hep2 cells, triciribine decreased invasion to 61.3% at 6 h (P<0.05) and to 67.1% at 12 h (P<0.05) (Fig. 6B ).
Suppression of AURKA inhibits p-FAKY397 phosphorylation.
The FaDu and Hep2 cells were treated with 75 nM VX-680, with western blot analysis then used with the p-FAK antibody to examine the effect of AURKA suppression on Y397 phosphorylation. Following the downregulation of AURKA, p-AURKA and p-FAK Y397 expression decreased (P<0.05); however, the expression of p-FAK Y861 and p-FAK Y925 did not change (Fig. 7) . The results also demonstrated that the treatment with VX-680 at 24 h did not significantly decrease p-FAK Y397 phosphorylation (P<0.05), but did completely block Y397-phosphorylation in the Hep2 cells at 48 h (P<0.01; Fig. 7 ). The expression of p-Akt was also slightly decreased (P<0.01 in FaDu cells; P<0.05 in Hep2 cells; Fig. 7 ).
AURKA promotes migration and invasion through the Akt-FAK signaling pathway. Following the inhibition of Akt, the expression of p-Akt (P<0.01) and p-FAK (Y397) were decreased (P<0.05; Fig. 8 ). By contrast, following the inhibition of FAK, the expression of p-FAK (Y397) decreased, but p-Akt expression did not change (P<0.05 in FaDu cells; P<0.01 in Hep2 cells; Fig. 9 ). Thus, the downregulation of AURKA suppressed p-FAK via the inhibition of p-Akt.
Discussion
The role of AURKA as an oncogene has been supported by a number of previous studies (3, 27) . Zhang et al demonstrated that the suppression of AURKA expression inhibits the growth and invasiveness of laryngeal squamous cell carcinoma cells, in vitro and in vivo (28) . AURKA has been observed to positively regulate the G 2 to M phase of the cell cycle, and activation of AURKA in late G 2 is inhibited by DNA damage (3). Furthermore, high expression levels of AURKA have been associated with late clinical stages and regional metastasis in HNSCC (29) . With research progression, a greater number of trials have been performed to investigate the treatment of HNSCC with Aurora kinase inhibitors (30) . Li et al demonstrated that Akt promotes cell survival through its ability to phosphorylate and activate several pro-apoptotic targets. Subsequent consequences of this include the phosphorylation of Fak and the activation of signal transduction pathways, ultimately contributing to AURKA-mediated tumorigenesis (31) . However, the pathway by which the migration and invasion of HNSCC was enhanced was not determined. Chemotherapy, radiotherapy and surgery have made great advances, however, the rate of morbidity remains high in HNSCC (2) . In the present study, it was demonstrated that AURKA upregulated FAK via A B The current study provided evidence that Aurora kinase inhibitors, which are implicated in the AURKA/Akt/FAK signaling pathway, should not only be considered in clinical trials for the treatment of HNSCC patients, but should also 
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be tested in combination with other therapeutic drugs. During the process of future clinical trials, it may be beneficial for pre-clinical investigators to examine the various doses and schedules. Rational emergency treatment and advisable drug pharmacodynamics should be taken into account in such trials with volunteers. Finally, further investigation may determine the potential of using aurora kinase inhibitors as a target therapy for the treatment of other types of cancer.
In conclusion, a better understanding of the role that AURKA may serve in recurrence and metastasis, alongside the association between AURKA and Akt pathways in HNSCC, provides a novel insight and rationale for the possibility of further combined molecular targeting therapy in HNSCC and other types of cancer.
